Objectives To evaluate the frequency of diagnosis of highrisk lesions at MRI-guided vacuum-assisted breast biopsy (MRgVABB) and to determine whether underestimation may be predicted. Methods Retrospective review of the medical records of 161 patients who underwent MRgVABB was performed. The underestimation rate was defined as an upgrade of a high-risk lesion at MRgVABB to malignancy at surgery. Clinical data, MRI features of the biopsied lesions, and histological diagnosis of cases with and those without underestimation were compared. Results Of 161 MRgVABB, histology revealed 31 (19%) high-risk lesions. Of 26 excised high-risk lesions, 13 (50%) were upgraded to malignancy. The underestimation rates of lobular neoplasia, atypical apocrine metaplasia, atypical ductal hyperplasia, and flat epithelial atypia were 50%
Introduction
Magnetic resonance imaging (MRI) has emerged as the most sensitive technique for the screening, detection and diagnosis of breast cancer [1] [2] [3] . Moreover, MRI of the breast is superior not only for diagnosis of invasive carcinoma but also for detection of ductal carcinoma in situ (DCIS) and even premalignant breast lesions [4, 5] . MRI-guided vacuumassisted breast biopsy (MRgVABB) is a safe and accurate technique for evaluation of otherwise occult MRI-detected breast lesions [6] [7] [8] [9] [10] [11] [12] . However, a considerable proportion of lesions diagnosed on percutaneous breast biopsies are classified as high-risk lesions [13] . The high-risk histology includes atypical ductal hyperplasia (ADH), lobular neoplasia (LN) (regrouping of the former atypical lobular hyperplasia (ALH) and lobular carcinoma in situ (LCIS)), flat epithelial atypia (FEA), papillary lesions, radial scar/complex sclerosing lesion, phyllodes tumour, and mucocele-like lesions [14] [15] [16] [17] [18] [19] . When these lesions are diagnosed at image-guided biopsy, the presence of an underlying malignancy may be underestimated, yielding a challenge in clinical management [20] [21] [22] . The management of high-risk lesions diagnosed on stereotactic or ultrasound-guided VABB has been very well researched [23] [24] [25] [26] [27] [28] and surgical excision is usually recommended. There are scanty data regarding underestimation rate at MRgVABB and management of high-risk lesions diagnosed at MRgVABB [11, 12, 29] .
Thus the purpose of our study was to determine the frequency of diagnosis of high risk lesions at MRgVABB, to assess the rate of underestimation as compared to subsequent surgical excision, and to determine whether clinical, imaging, or histological features of high-risk lesions diagnosed at MRgVABB can be used to predict upgrading to malignancy at subsequent surgical excision.
Materials and methods
In a protocol approved by our institutional research ethics board, we retrospectively reviewed the medical records and imaging studies of 161 patients who underwent MRgVABB during a 36-month period, between March 2006 and March 2009. MRgVABB histology yielded malignancy in 19 (12%) out of 161 lesions that underwent MRI biopsy during the study period, of which 10 were invasive cancer and nine were DCIS. MRgVABB yielded benign histological findings in 111 (69%) and high-risk findings in 31 (19% of all lesions). Surgical excision, recommended for all 31 high-risk lesions, was performed on 26 lesions and these cases constituted the basis of this study.
Five women with high risk lesions at MRgVABB declined excisional biopsy, namely two women with ALH, two women with papilloma, and one woman with ADH. These five highrisk lesions remained stable or diminished in size at follow-up MRI examinations. Mean time of MRI follow-up for nonexcised high risk lesions was 14 months, range 6-26 months. Clinical and mammographic follow-up in these five women was also unremarkable.
MRI indications and evaluations
All screening and diagnostic MRI studies were performed at our institution. The indications for breast MRI included highrisk screening (e.g. in women with a genetic predisposition, a strong family history of breast cancer, previous breast cancer, biopsy-proven diagnosis of atypical hyperplasia or lobular carcinoma in situ, or previous mantle irradiation for Hodgkin's disease), extent of disease assessment in the ipsilateral or contralateral breast in a woman with biopsy-proven breast cancer, follow-up after previous breast MRI, or problemsolving. If an ultrasound correlate for the MRI-detected lesion is confidently identified, biopsy is usually performed under ultrasound guidance. For MRI-suspected lesions that have no ultrasound correlates, that have vague ultrasound findings that definitely do not correlate with the MRI lesion, or that are better seen on MRI than on ultrasound, biopsy is usually performed under MRI guidance.
Biopsy radiologists and technique
All biopsies during the study period were performed with a 9-gauge MRI-compatible vacuum-assisted biopsy device (Automated Tissue Excision and Collection, Suros Surgical Systems, Hologic, Inc., Indianapolis, IN, USA) under sterile conditions. All biopsies were performed by four radiologists with 5-15 years' experience in breast imaging All biopsy radiologists had experience interpreting breast MRI studies and performing percutaneous breast biopsy under stereotactic or ultrasound guidance. The results we present include our learning experience. Biopsies were performed with the patient positioned prone in a 1.5T MRI unit (Signa, GE Medical Systems, Milwaukee, WI, USA). A dedicated eight-channel breast coil (Sentinelle Vanguard Breast MR Auxiliary Table, Sentinelle Medical, Toronto, Canada) was used. Multiple contiguous samples were obtained at 360°with at least one clockwise rotation. The biopsy site was marked with a titanium marker (Trimark, Suros) at the discretion of the radiologist performing the biopsy. After biopsy, the breast was compressed; sterile strips and a sterile gauze bandage were applied. When a clip was placed, a two-view digital mammogram was obtained to document clip placement (6) (7) (8) (9) .
Pathology methods and definitions
Pathological evaluation of MRgVABB specimens was performed by three breast pathologists with 6-14 years' experience in interpretation of percutaneous core-needle breast biopsies. Specimens were fixed in neutral buffered formalin. The tissue sampled was entirely embedded and examined. For all the patients, results of MRI-guided biopsies were reviewed during a multidisciplinary session to assess radiological-pathological concordance. Excisional biopsy was recommended for all high-risk lesions; namely for atypical ductal hyperplasia (ADH), lobular neoplasia (LN) (regrouping of the former atypical lobular hyperplasia (ALH) and lobular carcinoma in situ (LCIS)), atypical apocrine proliferation, papillary lesions, radial scar/complex sclerosing lesion and flat epithelial atypia (FEA). Excisional biopsy was performed after preoperative needle-localisation using the titanium clip as a landmark for localisation. Excisional biopsies were performed by two breast surgeons, each with more than 15 years' experience.
At histopathology underestimation was defined as an upgrade of the high-risk lesion diagnosed at MRgVABB to ductal carcinoma in situ (DCIS) or invasive carcinoma diagnosed at surgery. The high-risk lesion underestimation rate was defined as the quotient of these upgraded lesions and all excised high-risk lesions diagnosed at MRgVABB [24, 26] .
Data collection and statistical analysis
Data collected included clinical information (clinical history, patient age, indication for breast MRI); MRI features of the biopsied lesions (size, location, morphological and kinetic characteristics according to the BI-RADS lexicon [30] ); procedure-related variables (distance from the tip of biopsy device to the target, if any, location of post-biopsy haematoma, complications and previous experience of the biopsy radiologist); and histological results. Biopsies were considered technically successful based on the distance ≤3 millimetres between the needle and the lesion margin and the presence of post-biopsy haematoma at the edge of the lesion's location.
Data were entered in a spread-sheet program (Excel, Microsoft). Chi-squared, T-test, and Fisher's exact tests for statistical significance were performed with on-line statistical software (simple interactive statistical analysis at home.clara. net/sisa), and p<0.05 was considered significant.
Results

Patients, indications for MRI, and lesions
The 26 high-risk lesions diagnosed at MRI-guided 9-gauge vacuum-assisted breast biopsy that were subsequently surgically excised occurred in 25 women with a mean age of 54 years (range, 37-73 years).
The indications for breast MRI that led to detection of these 26 high-risk lesions included screening of high-risk women in 10 (38%), ipsilateral surveillance in women with a history of breast carcinoma in 7 (27%), contralateral surveillance in women with a history of breast carcinoma in three (12%), problem solving in 4 (15%), preoperative screening of the contralateral breast in 1 (4%), and preoperative evaluation of disease extent in the ipsilateral breast in one (4%) of the cases.
The median size of the 26 high-risk lesions included was 14 mm, (range, 5-60 mm).
The MRI morphological features of the 26 high-risk lesions included 8 (31%) masses and 18 (69%) non-masslike enhancements. The MRI kinetic features of the 26 high-risk lesions included 14 (54%) persistent, 10 (38%) plateau, and 2 (8%) washout patterns of enhancement.
All biopsies were considered technically successful based on pre-biopsy needle position and location of postbiopsy haematoma. No complications were encountered.
Surgical histology
Of the 26 excised high-risk lesions, surgical histological examination yielded invasive mammary carcinoma in two (8%) of the lesions (one case of invasive ductal carcinoma and one case of mixed invasive ductal and invasive lobular carcinoma); DCIS in 11 (42%) of the lesions; and high-risk pathological features in 13 (50%) of the lesions (Table 1) . Thus the underestimation rate for all lesions was 50% (13 out of 26). The underestimation rates of atypical apocrine proliferation, lobular neoplasia, ADH, and flat epithelial atypia were 100% (5 out of 5), 50% (4 out of 8), 50% (3 out of 6) and 50% (1 out of 2), respectively. There was no underestimation in the cases of papillary lesions without atypia (0 out of 3) and radial scar (0 out of 2).
The underestimation rates based on indications for breast MRI are presented in Table 2 . There were no statistical differences between the compared groups although there was a trend (p>0.05) towards a higher (70%, 7/10) upgrade rate in women with a personal history of breast carcinoma versus a 30% (3/10) underestimation rate in women who had high-risk lesions detected at screening MRI.
Comparative features of the high-risk lesions that were upgraded to malignancy and high-risk lesions that were confirmed to be benign or high-risk after excision are presented in Table 3 . No significant difference was found in the likelihood of high-risk lesion underestimation as a function of patient age, lesion size, morphological lesion type and pattern of lesion enhancement. There was a nonsignificant trend (p>0.08) towards larger MRI-measured lesion size in the underestimated cases (mean size 24.3± 21.5 mm) versus those without underestimation (mean size 12.7±7.9 mm).
Discussion
The results of our study indicate that imaging and clinical features cannot be used reliably to predict underestimation at MRgVABB. The diagnosis of high-risk lesion at MRgVABB warrants surgical excision because of the very high (50%) frequency of underestimation of breast carcinoma. Furthermore, the underestimation rate in the subgroup of high-risk lesions with atypia (ADH, LN, atypical apocrine proliferation, and FEA) was even higher and reached 62% (13 out of 21) in our small study. We did not find underestimation in the cases of benign papilloma and radial scar diagnosed at MRgVABB and thus additional data are required regarding the management of these lesions.
MRgVABB revealed high-risk lesions in 19% (31 out of 161) of the biopsied lesions. Both frequency of high-risk lesions at MRgVABB and underestimation rates in our study are higher than previously reported in other studies (Table 4) evaluating outcomes of MR-guided breast biopsy [11, 12, 29, 31, 32] . This might be explained by the high pretest probability for breast cancer in our study population, which in addition to asymptomatic women undergoing screening MRI included a substantial proportion of diagnostic cases and patients with a personal history of breast carcinoma. Another factor that could have contributed to the high underestimation rate is MRI features of the target lesions that were usually small masses or non-contiguous, non-mass-enhancing lesions.
MRgVABB revealed lobular neoplasia in 6% (10 out of 161 cases) and atypical apocrine proliferation in 3% (5 out of 161 cases) and the upgrade rates to malignancy were very high for these entities (50% and 100% respectively). These are novel findings. It may be related to both lesion biology and/or MRI features. Lobular neoplasia is not usually seen at mammography and is commonly considered to be an incidental finding at stereotactic biopsy which is performed for suspect microcalcifications [33] . In fact, the previously reported rate of lobular neoplasia on stereotactic breast biopsy is only 1%, while upgrade to breast cancer occurs in approximately 20% [33, 34] . Lobular neoplasia is considered to be not only a cancer precursor but also a risk factor for bilateral breast cancer and commonly presents pathologically as multiple small foci occupying a large area of breast. Therefore, MRI may detect only a small part of the pathological process in cases of lobular neoplasia and this may explain the high upgrade rate when a larger area is surgically excised. Thus, an example of underestimation of lobular neoplasia with upgrade to DCIS is presented in Fig. 1 . Our result of 50% (3 out of 6) ADH underestimation rate is similar to the ADH underestimation reported by Liberman et al [29] . All cases of atypical apocrine proliferation diagnosed at MRgVABB were underestimated in our study. We hypothesise that this might be explained by extreme difficulty in differentiating this entity from DCIS on pathological evaluation of core biopsy specimens.
Controversy persists regarding the need for excision of benign concordant papillomas and concordant radial scars diagnosed at image-guided vacuum-assisted biopsy. Our number of cases is extremely small and should not influence existing policies, however if lack of upgrade in these entities persists an option of MRI follow-up may be justified rather than excision.
We demonstrated that high-risk lesions diagnosed on MRgVABB in women who underwent breast MRI for clinical indications other than screening are more likely to be malignant at excisional biopsy than high-risk lesions diagnosed in patients who underwent breast MRI for screening purposes ( Table 2) . Our results corroborate earlier studies that attempted to evaluate patients' characteristics in order to better define predictive factors for malignancy in breast MRI lesions. Thus, Han et al [11] found the probability of malignancy to be higher in the diagnostic breast MRI setting compared with screening MRI (36% vs. 14%, respectively) in their evaluation of MRI-guided breast biopsy outcomes. Two other studies [35, 36] demonstrated a higher frequency of malignancy in lesions identified by MRI for the clinical indication of newly diagnosed cancer versus other indications.
We have not identified that underestimation of malignancy at MRgVABB increases significantly with increasing lesion size on imaging and this is similar to results of Liberman et al. [29] although somehow unexpected as it would be reasonable to assume that the larger the target (the MRI lesion), the relatively more limited the sampling. In fact, Houssami et al. [37] report a highly significant association between lesion size on imaging and underestimation of malignancy on percutaneous stereotactic and ultrasound-guided image-guided breast biopsy in their large series of 758 surgically excised lesions that were diagnosed as high-risk on core biopsy. Larger series of MRgVABB are Number of lesions without mass enhancement 9 9 p>0.5
Wash-out enhancement 1 1 p>0.5
Plateau enhancement 6 4 p>0.5
Progressive enhancement 6 8 p>0.5 required in order to further confirm the lack of association between lesion size and malignancy underestimation observed by us at MRgVABB. We did not identify that dynamic and morphological parameters predict the underestimation rate of high-risk lesions diagnosed at MRgVABB. These results support previously published studies [11, 29] that did not find an association between the morphology and kinetics features of lesions undergoing MRgVABB and malignancy underestimation.
Our study has several limitations. First, the number of lesions is small. However, our results contribute to the growing body of clinical evidence evaluating high-risk lesions at breast MRI. Second, there is a potential bias related to the different experiences of radiologists who performed biopsies. Third, there was no retrospective pathological review, resulting in the potential for variability in the diagnosis of atypical lesions at MRgVABB. In this regard, it had been shown previously that strict adherence to the diagnostic criteria allows excellent agreement to be achieved in the diagnosis of high-risk lesions [38] .
In conclusion, our data indicate that the diagnosis of high-risk lesions at MRgVABB warrants surgical excision because of the very high frequency of underestimation of breast carcinoma. Additional data are required regarding the management of benign papilloma and radial scar diagnosed at MRgVABB. Future research should explore the use of a combination of patient characteristics, imaging (target lesion) and histopathological features on MRgVABB that There is no mammographic abnormality in the area of the clip (arrow) that was placed at the time of MR-guided vacuum-assisted biopsy. Excisional biopsy was performed after preoperative mammographically-guided needle-localisation and revealed a 16-mm high-grade DCIS are predictive of excision histology outcome (the likelihood of malignancy) to identify women who should be managed surgically and possibly to identify those who may be able to avoid surgery after diagnosis of high-risk lesions at MRgVABB histology. Until such evidence exists, the standard management of all high-risk lesions diagnosed at MRgVABB is excisional surgical biopsy.
